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Figure 3. Enhanced p-Smad2 signaling in the alveolar ep-
ithelial cells (AECs) of CD151 knockout (KO) mice. (A)
Western blot analysis and densitometric quantification of
p-Smad2 in total protein homogenates from wild-type

(WT) and CD151 KO lungs. Values of p-Smad2 were nor-
malized against total Smad2. *P < 0.001. (B) Western blot
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analysis and densitometric quantification of Smad7 and
p-Akt in total protein homogenates from WT and CD151
KO lungs. Values of Smad7, p-Akt, and p-Erk1/2 were nor-
malized against GAPDH, Akt, and Erk, respectively. (C, D)
Immunofluorescence of mouse lungs stained for p-Smad2
and TTF-1 or CD11b. The numbers of p-Smad2 and TTF-1
double-positive AECs (arrows) were significantly larger
in CD151 KO lungs (C, n = 4 per group, P < 0.05).
p-Smad2-positive signals were scarcely seen in CD11b-
positive alveolar macrophages (D, arrowheads). Bar =
100 pum. (E) Activated TGF-B4 in whole lung was measured
by ELISA and normalized against total protein. Levels of
activated TGF-B; were comparable between WT and
CD151 KO lungs (n = 3 per group).

NS

[l

WT

Matrigel/BM. CD151-deleted AECs adhered onto ECM similarly
to control cells (Figure 4B). However, they were easily detached
by chemical and mechanical forces when grown on Matrigel, but
not fibronectin (Figures 4C and 4D), suggesting that the adhesion
strengthening of CD151-deleted AECs on Matrigel was impaired.
On the other hand, deletion of CD151 in AECs did not affect
random migration, wound closing assays, proliferation, or exog-
enous TGF-B;—induced signaling (Figure E4). Collectively, the
data suggest that the presence of CD151 in AECs is required for
firm adhesion to BM.

CD151 Is Necessary for AECs to Maintain Epithelial
Characteristics on BM

Adhesion to BM was indispensable in order for epithelial cells to
maintain their epithelial integrity (22, 23). Indeed, in the pres-
ence of serum, AECs maintained epithelial characteristics on
Matrigel; in contrast, on collagen-1—, fibronectin-, or non-
ECM—coated dishes, they exhibited elevation of p-Smad2 and
mesenchymal-like changes, namely, increased a-SMA and de-
creased E-cadherin (Figure 5A). Again, these findings indicate
that adhesion to Matrigel, but not collagen/fibronectin, protects
AECs against mesenchymal changes and up-regulation of TGF-8

CD151 KO
signaling. However, these protective roles of Maftrigel were over-
come in the presence of a large amount of TGF-B; (Figure 5A).
Of note, CD151-deleted AECs lost epithelial integrity on Matri-
gel; they exhibited an enlarged morphology and increased a-SMA
expression concomitant with upregulation of p-Smad2 levels,
similar to cells treated with TGF-B; (Figures 5B and 5C). These
effects of CD151 deletion were not obvious on fibronectin-coated
dishes, indicating that they might result from attenuated interac-
tion with Matrigel. Consistent with this, a-SMA and pro-SPC
double-positive cells were observed in CD151 KO lungs, but not
in WT lungs, suggesting that these cells were in a state of epithelial-
to-mesenchymal transition (EMT; Figure 5D). Furthermore, AECs
isolated from CD151 KO mice exhibited relatively higher a-SMA
expression (Figure SE). Taken together, our data suggest that
CD151 is required in order for AECs to preserve their integrity
by maintaining firm adhesion to BM.

Deletion of CD151 Does Not Affect Lung
Fibroblast Function
Because resident fibroblasts are believed to be the main source

of collagen-secreting myofibroblasts in pulmonary fibrosis (24),
we investigated the functional role of CD151 in primary lung
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Figure 4. Deletion of CD151 results in attenuated adhesion strength of -
alveolar epithelial cells (AECs) on Matrigel. (A) The expression of CD151
was significantly down-regulated in CD151 knockdown (KD) AECs
compared with cells treated with control siRNAs (cont). No significant
change was observed in the expression of other tetraspanins (CD9,
CD81) and associated integrins (B1, a3, and «6). (B) AECs were seeded
on Matrigel (Mat)- or fibronectin (FN)-coated 96-well plates for 30, 60,
and 120 minutes. After medium was gently changed, the attached cells
were counted. The number of attached cells is shown in relation to total
seeded cells. CD157 KD cells adhered to Mat and FN similarly to cont. (C,
D) Adhesion strength of AECs on Mat is attenuated by CD151 knock-
down. Trypsin/EDTA-induced (C) or mechanical vibration-induced (D)
detachment was enhanced in CD151 KD cells cultured on Mat but not
on FN. *P < 0.05. Data are representative of three independent experi-
ments, which yielded similar results.

fibroblasts. Although fibroblasts from CD151 KO mice exhibited
increased migration on Matrigel, the effect did not reach statisti-
cal significance. Otherwise, we could not see any differences be-
tween primary fibroblasts isolated from WT and CD151 KO lungs
regarding chemotaxis, proliferation, differentiation into myofibro-
blasts, or collagen production (Figure ES5).

BLM Injury Exacerbates AEC Disintegrity in CD151 KO Mice,
Followed by Severe Pulmonary Fibrosis with
Increased Mortality

We next examined the significance of CD151 under intratracheal
BLM exposure, which initially causes direct injury to AECs and
ultimately leads to pulmonary fibrosis (25). Low-dose intratra-
cheal BLM induced a moderate decrease in CD151 expression in
WT lungs and a gradual increase in collagen-1 expression (Figure
E6). In CD151 KO lungs, BLM treatment caused enlargement of
AECs, and their a-SMA expression was dramatically increased
(Figure 6A), suggesting that disintegrity of AECs was accelerated
by BLM injury. On the other hand, the number of inflammatory
cells in bronchoalveolar lavage fluid of CD151 KO lungs was only
mildly increased (Figure 6B). Accelerated epithelial disintegrity
was followed by severe fibrosis in CD151 KO lungs, as was evident
from histopathology, CT scan, increased hydroxyproline content,
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and decreased lung compliance (Figures 6C—6F). Furthermore,
these changes resulted in increased and prolonged body weight loss
(Figure 6G) and severe mortality (Figure 6H). Nevertheless, BLM-
induced fibrosis in CD9 KO mice was not increased compared with
that in WT mice, although the number of lung inflammatory cells
increased (Figure E7).

In summary, disintegrity of AECs in CD151 KO lungs was fur-
ther exacerbated by BLM exposure, ultimately resulting in severe
fibrosis.

CD151 Expression Is Significantly Decreased in Human AECs
from Patients with IPF

Finally, to investigate the possible involvement of CD151 in hu-
man pulmonary fibrosis, we analyzed lung sections from patients
with IPF/usual interstitial pneumonia. P-Smad2 staining from
lung sections from patients with IPF revealed increased positive
signals relative to healthy lungs (Figures 7A and 7D). These
signals in IPF lungs were enriched in nuclei of AECs (Figures
7A-TF, Figure ES8), implying that TGF-B; signaling in AECs
might play an important role in the development of human pul-
monary fibrosis.

In our quantitative polymerase chain reaction analysis using
human lung homogenates, we detected no significant difference
in CD151 expression levels between healthy and IPF lungs (Figure
E9). In immunofluorescence, however, most AECs in healthy lung
tissues expressed CD151 (Figure 7G), whereas CD151-negative
AECs could be focally observed in IPF lungs (Figures 7H—7L).
Histological quantitation revealed fewer CD151-positive AECs in
lung samples from patients with IPF compared with healthy lungs
(Figure 7M), although CD151 expression levels fluctuated. In
contrast, CD151 expression in alveolar macrophages was compa-
rable between the two groups. Taken together, these observations
indicate that CD151 in AECs may play a crucial role in the path-
ogenesis of pulmonary fibrosis in humans as well as mice.

DISCUSSION

Here, we provide new evidence that CD151 KO mice spontane-
ously develop age-related pulmonary fibrosis, which is exacerbated
by BLM exposure. To date, it has been reported that CD151 KO
mice have renal dysfunction (in the FVB strain) (26-28), impaired
pathologic angiogenesis (15), delayed wound closure (29), and
deficiencies in platelet aggregation (30). However, the involve-
ment of CD151 in lung diseases remains unclear; this is the first
report implicating CD151 in protection against pulmonary fibrosis.
We also observed focal fibrotic changes in the kidneys and liver of
CD151 KO mice, further supporting the critical role played by
CD151 in fibrosis.

Accumulating evidence suggests that in addition to intrinsic
factors in host lungs (i.e., genetic predisposition), extrinsic factors
that accelerate injury of AECs also play an etiologic role in IPF.
These factors include environmental exposure, transbronchial in-
fection, and aging (2, 3, 31, 32). Our results fit this idea well
because the fibrotic phenotype and epithelial disintegrity of
CD151 KO mice became more evident with increased age and
was exacerbated by low-dose BLM exposure. In contrast to
CD151 KO mice, however, patients with IPF do not commonly
present with kidney and liver symptoms. In some IPF lungs, we
found that CD151 expression is focally decreased in AECs but
not in alveolar macrophages, suggesting that CD151 down-
regulation in AECs is the result of an extrinsic factor, rather
than a genetic factor. Consistent with this idea, intratracheal
BLM decreased CD151 expression in the lung. Recently, hyp-
oxic stress was shown to down-regulate CD151 expression in co-
lon cancer cells through the up-regulation of hypoxia-inducible
factor-1 (HIF-1) (33). Likewise, in AECs, we showed that hypoxic
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of three independent experiments, which yielded similar results. (D) In immunofluorescence analyses of frozen lung sections, epithelial cells expressing
both pro-SPC and a-SMA were observed in CD151 knockout (KO) lungs, suggesting that they were in a state of epithelial-to-mesenchymal transition.
However, no epithelial cells in the lung tissues of wild-type (WT) mice exhibited «-SMA expression. Bar = 100 pm. (E) AECs isolated from CD151 KO
lungs exhibited higher expression of a-SMA than ones from WT lungs. Representatives of at least three similar results were shown.

stress down-regulates CD151 expression (Figure E10). It has be-
come clear that HIF-1 is significantly up-regulated in AECs of IPF
and BLM-induced fibrotic mouse lungs (34). In this context, hyp-
oxic stress and subsequent up-regulation of HIF-1 are one possible
cause of focal decrease of CD151 in IPF lungs. However, the ex-
pression levels of CD151 appeared to differ among lungs from
different patients with IPF. Fujishima and colleagues previously re-
ported that CD151 expression in epithelial cells and macrophages is
relevant to the activation of matrilysin-1 in IPF lungs (35). It thus
appears that expression of CD151 in cases of pulmonary fibrosis
depends on the site, clinical phase, and possible complications in-
volving infection. Further investigation will be required to address
the clinical significance of CD151 expression in IPF lungs.
Despite the increased number of lung inflammatory cells,
CD9 KO mice did not exhibit severe fibrotic changes compared

with WT mice, even after BLM exposure. These findings are in
line with the idea that increased inflammation does not neces-
sarily lead to augmented fibrosis. Double deletion of CD9 and
a homologous tetraspanin, CD81, spontaneously leads to pul-
monary emphysema in mice (10). Determination of the shared and
distinctive pathways/molecules associated with CD151 and CD9
might help us to understand the pathogenesis of pulmonary fibro-
sis and emphysema.

We found that deletion of CD151 resulted in disintegrity of
AECs, activated p-Smad2, and EMT-like changes, which might
causally contribute to the development of pulmonary fibrosis.
First, activation of TGF- signaling in AECs may be a primary
source of the development of pulmonary fibrosis, because mice
with epithelial cell—specific loss of TGF-f receptor are protected
from BLM-induced pulmonary fibrosis (36, 37). Consistent with
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this, in our analyses of IPF lungs, activated p-Smad2 signals were
predominantly observed in AECs. Second, myofibroblasts that
arise from EMT could themselves contribute to the development
of pulmonary fibrosis (38-40). Changes in CD151-deleted AECs
were mild, but similar to those observed in cells treated with
TGF-B,, suggesting that CD151 deletion promotes EMT. In line
with our study, CD151 deficiency in epithelial cells results in in-
creased actin stress fibers at the basal cell surface and perturbs
cell polarity (11, 41). In contrast, in hepatocellular carcinoma cells,
the complex containing CD151 and «681 integrin promotes EMT
(42). Further investigation will be needed to address the role of
CD151 in EMT in normal and malignant cells.

We found that CD151 is essential for firm adhesion of AECs
on BM. Among several ECM molecules contained in BM, lam-
inin may be the most crucially involved in this adhesion, because
CD151 determines the strength of cell -ECM interactions by
forming complexes with laminin-binding integrins such as a3p1,
a6B4, and a6B1 (43-45). We also found that this firm adhesion to
BM protects AECs against EMT-like changes and up-regulation

of p-Smad2. Likewise, during embryonic development, BM pro-
tects against EMT in primitive ectoderm (22), further supporting
our results. However, we could not determine how loss of adhe-
sion to BM leads to elevation of p-Smad2 in serum. Possible
explanations include response to the low level of TGF-B4 con-
tained in serum or an increase in autocrine/paracrine TGF-B
signaling from activated AECs exhibiting mesenchymal-like
changes. In a previous study of breast cancer cells, CD151 was
shown to regulate TGF-B;—induced cell scattering and prolif-
eration via activation of p38 (46). Additional studies will be re-
quired to elucidate how CD151 is involved in TGF-B; signaling
in normal and malignant cells.

However, there may be alternative explanations for fibrotic
changes, because CD151 is implicated in a variety of cell func-
tions through its association with multiple proteins. First, CD151
modulates various integrin-dependent cell functions. Recently,
mice were generated with lung epithelium-specific loss of a3
integrin expression (14). In contrast to CD151 KO mice, these
mutant mice exhibited a blunted response to BLM injury, in
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which a CD151-independent function of a3B1 integrin could be
involved. However, similar to our CD151 KO mice, the mutants
exhibited increased collagen deposition in their lungs, suggest-
ing that some functions mediated by CD151-a381 integrin com-
plexes may be involved in the fibrotic phenotype of CD151 KO
mice. Further study is warranted to determine how CD151 dele-
tion affects the function of associated integrins. Second, other cells,
such as resident fibroblasts, could contribute to the progression
of fibrosis. However, as far as we could determine, CD151 is min-
imally involved in lung fibroblast functions related to fibrosis.
Consistent with a crucial role for CD151 in mouse pulmonary
fibrosis, CD151 expression in patients with IPF is focally dimin-
ished in type II AECs. In addition, type II AECs in CD151 KO
mice are hypertrophied and contain increased numbers of lamel-
lar body—like structures, similar to what is observed in familial
human IPF (47). These findings suggest that CD151 in AECs

plays critical roles in the pathogenesis of pulmonary fibrosis, in
humans as well as mice. Recently, a mutation in CD151 was
reported in a few patients with Alport syndrome, who exhibit
sensorineural deafness and pretibial epidermolysis bullosa (48).
Our results suggest that these patients should also be assayed
for fibrotic changes in the lungs.

In conclusion, we here provide evidence that CD151 is essential
for AECs, and deletion of CD151 results in pulmonary fibrosis. To
date, numerous transgenic mice overexpressing profibrogenic cyto-
kines exhibit pulmonary fibrosis (25), whereas only a few mole-
cules that play protective roles in pulmonary fibrosis have been
identified in mouse models or in humans: SPC (47), caveolin-1
(49, 50), relaxin (51), and connexin (52). Most therapies for IPF
targeted against profibrogenic cytokines have not been effective
in clinical trials (53). Therefore, it may be reasonable to focus
efforts on protective factors, such as CD151, which provide a clue
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about the pathogenesis of pulmonary fibrosis and represent novel
targets for development of therapies.
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A Case of Combined Sarcoidosis and Usual Interstitial
Pneumonia
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Abstract

Sarcoidosis is a systemic granulomatous disease of unknown etiology with characteristic pulmonary le-
sions, which are often distributed in the upper lung fields. We describe a unique case of sarcoidosis with
lower lung field-dominant reticular shadows. Three years after the diagnosis of sarcoidosis based on his-
tologic findings of the mediastinal lymph nodes and transbronchial lung biopsy specimens, the patient devel-
oped acute respiratory failure and died. The autopsy showed usual interstitial pneumonia (UIP), with honey-
combing and superimposed diffuse alveolar damage of the lungs. The findings suggest that the patient had
both sarcoidosis and UIP, and that the UIP later progressed to acute exacerbation.
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Introduction

Sarcoidosis is a systemic granulomatous disease of un-
known etiology. Its radiologic characteristics include reticu-
lar opacities that are distributed predominantly in the upper
lung fields (1). The radiologic finding of lower zone-
dominant reticular shadowing is encountered only rarely in
sarcoidosis (2, 3); however, this pattern is one of the charac-
teristics of idiopathic pulmonary fibrosis/usual interstitial
pneumonia (IPF/UIP) (4). Some patients with IPF are
known to experience an acute exacerbation following a pe-
riod of chronic disease progression (5-8). We recently en-
countered a patient with both pulmonary sarcoidosis and
UIP, who developed an acute exacerbation of the latter con-
dition, leading to his death from acute respiratory failure.
The patient’s clinical course could not be explained solely
by sarcoidosis, but mimicked IPF. Thus, this case may assist
in understanding the potential for sarcoidosis and UIP
comorbidity, as well as the pathogenesis of reticular opaci-
ties distributed predominantly in the lower lung fields in pa-

tients with sarcoidosis.

Case Report

A 62-year-old man, an ex-smoker, was admitted to the
Kinki-Chuo Chest Medical Center for the assessment of ab-
normal chest X-ray and computed tomography (CT) findings
in 2007. He had worked as a truck driver for 14 years (from
the age of 23 until the age of 37 years) and as a building
demolition worker for the subsequent 25 years (from the age
of 37 years to 62 years). He reported a four-month history
of dry cough and worsening of dyspnea on effort. His only
other relevant medical history was fatty liver, and hyper-
uricemia, which was treated with allopurinol. He had used a
down quilt on the bed since age 32. Physical examination
on admission revealed no palpable surface lymph nodes, no
finger clubbing, and no skin rash; however, fine crackles
were heard on chest auscultation. Peripheral blood findings
on admission were as follows: WBC count, 5,900/uL; lactate
dehydrogenase (LDH), 255 IU/L; and C-reactive protein
(CRP) 0.09 mg/dL. The levels of Krebs von den Lungen-6
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Figure L

Chest radiograph (a) and CT scan (b-d) of the lung at the initial visit (2007), showing

perilymphatic distributed small nodules, reticular opacities predominantly in the lower lung fields,

and mediastinal lymphadenopathy (arrow).

Figure Z.  (a) The lung tissue of the right lower lobe (segment
§) was obtained by a transbronchoscopic biopsy in 2007. Epi-
thelioid cell granulomas were formed in the wall of a respira-
tory bronchiole. Adjacent alveolar walls were relatively nor-
mal (Hematoxylin and Eosin staining, x20). (b) The medi-
astinal lymph node was obtained by a mediastinoscopic biopsy
in 2007. Numerous epithelioid cell granulomas were formed in
the lymph node with perigranulomatous hyalinous fibrotic
changes (Hematoxylin and Eosin staining, x20). Based on the
histologic evidence of the lung tissue and the mediastinal
Iymph node, the authors considered that the patient had sar-
coidosis at the time of his initial visit in 2007,

(KL-6) and surfactant protein-D (SP-D) were increased
(3,600 U/mL and 492 ng/mL, respectively), and an elevated
activity of both angiotensin-converting enzyme (ACE) (25.1

U/IL; normal range: 8.3-21.4 U/L) and lysozyme (10.6 pg/
mL; normal range: 5.0-10.2 pg/ml) was observed. The pa-
tient tested negative for antinuclear antibody and anti-
double-stranded DNA. Tuberculin reaction was also nega-
tive.

Chest radiography revealed diffuse reticular opacities in
the outer and lower zones of the lungs along with elevation
of the diaphragm (Fig. 1a). A high-resolution CT scan of the
chest demonstrated reticular shadows in the subpleural area,
traction bronchiectasis, small nodules in perilymphatic and
random distribution, and enlargement of the mediastinal
lymph nodes (lower paratracheal lymph nodes) (Fig. 1b-d).
Bronchoscopy revealed normal bronchial mucosa. Bron-
choalveolar lavage (BAL) was performed in the right Bb.
The recovery rate of the bronchoalveolar lavage fluid
(BALF) was 47%, and the total cell count in the fluid was
3.12x10°/mL, with a breakdown of 45.8% macrophages,
16.3% lymphocytes, 11.7% neutrophils, and 26.2% eosino-
phils. The lymphocyte CD4/CDS ratio was 7.41. No patho-
gen was detected in the BALF. Transbronchial biopsies of
the right lung revealed noncaseating epithelioid cell granulo-
mas in both §* and S* (Fig. 2a and data not shown). A me-
diastinoscopic biopsy of the mediastinal lymph nodes re-
vealed numerous noncaseating epithelioid granulomas sur-
rounded by hyalinous fibrotic changes (Fig. 2b). Based on
these findings, a diagnosis of sarcoidosis involving the Iungs
and mediastinal lymph nodes was made. No sarcoidosis le-
sions were observed in other tissues including the heart,
eyes and skin. At this time, the findings on chest X-ray and
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Figure 3.
ticular opacities.

on CT of the bilateral fibrotic lung lesions, predominantly in
the lower lung zones, were considered to be due to the fi-
brotic lesions of sarcoidosis itself. ,

As treatment, 35 mg per day of oral prednisolone was
started and then tapered. The patient’s cough and dyspnea
on exertion improved in two weeks, and an increase in vital
capacity (VC) and diffusing capacity of the lung for carbon
monoxide (DLco) were observed after a month, along with
a slight improvement of small nodules in the lung detected
on high-resolution CT and a decrease in the level of serum
ACE. However, 20 months later, the patient experienced in-
creasing shortness of breath, and chest imaging showed
worsening of fibrotic shadows. Red-brown papules also ap-
peared on the patient’s lower legs, and these were diagnosed
as cutaneous sarcoidosis by a dermatologist. These findings
were presumed to indicate progression of the patient’s sar-

Chest radiograph (a) and CT scan (b, ¢) of the lung, 3 years after the initial visit (2007),
showing progressed reticulation and volume loss. Chest radiograph (d) and CT scan (e, f) of the lung
at the time of acute respiratory failure, showing diffuse ground glass opacities superimposed on re~

coidosis, and he was therefore treated with 35 mg per day
of oral prednisolone, combined with 100 mg per day of
azathioprine for the first seven months, switched to 100 mg
of cyclosporine for the latter four months of this period, and
50 mg per week of etanercept for the final three months.
However, this treatment was unsuccessful in preventing pro-
gression of the disease (Fig. 3a-c). Three years and two
months after the initial diagnosis of sarcoidosis, a mass
shadow in the right lung (S°) was noted on chest CT. A CT-
guided needle biopsy revealed adenocarcinoma with thyroid
transcription factor-1 (TTF-1)-positivity, suggestive of pri-
mary lung cancer.

One and a half months later, just before staging of the
lung cancer, the patient presented with sudden onset of
dyspnea and hemosputum. Chest X-ray and CT showed dif-
fuse ground glass opacities (Fig. 3d-f) in both lungs. The
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Figure 4. The lung tissue was obtained from the left Jower
fobe (segment 8) by an autopsy in 2016. The subpleural region
(upper and left) showed cystic changes measuring 0.7-4 mum in
diameter surrounded with fibrotic lesions (honeycombing).
The inner lung parenchyma (lower and left) showed diffuse
interstitial fibrotic thickening with temporal homogeneity.
The authors considered the lung tissue as showing usual inter-
stitial pneumeonia (UIP) superimposed with fibrotic stage of
diffuse alveolar damage (DAD). No granulomas were found
(Hematoxylin and Eosin staining, x1).

level of serum ACE remained normal. Treatment with high-
dose corticosteroids, cyclophosphamide, antibiotics, and in-
vasive positive-pressure ventilation was ineffective, and the
patient died from respiratory failure 40 months after the ini-
tial diagnosis of sarcoidosis (nine days after the commence-
ment of high-dose corticosteroid treatment).

An autopsy was performed, focusing on the thoracic and
abdominal organs, which revealed multiple bilateral parietal
pleural plaques (right: 50x50 mm, 20x20 mm; left: 45x20
mm, 40x12 mm, 30x15 mm, 40x12 mm). Eighty-three par-
affin blocks were prepared for histopathologic diagnosis, in-
cluding 14 from the right lung, 13 from the left lung, 4
from the mediastinal lymph nodes, and 2 each from the
right and left parietal pleural plaque regions. We diagnosed
the lung tissues as showing an UIP pattern, with honey-
combing and superimposed diffuse alveolar damage (DAD)
(Fig. 4). Asbestos bodies were not detected histologically,
even after Prussian blue iron staining of the lung specimens.
Therefore, bilateral lung tissues from the upper and lower
lobes (right S°, right S, left S, and left S'°) were meas-
ured for asbestos bodies. A total of 328 asbestos bodies per
gram of dry weight of lung tissue were detected in the left
lower lobe (5'). The Helsinki Criteria for significant or oc-
cupational asbestos exposure is >1,000 asbestos bodies per
gram of dry weight of lung tissue (9). Poorly differentiated
adenocarcinoma (20x19x15 mm in size) was observed in
the right lung (S°), and metastatic carcinoma was noted in
the right pleura, liver, and the pulmonary hilar and mediasti-
nal lymph nodes. However, no granulomas were found in
the examined tissues.

Based on these findings, we concluded that the patient
suffered from sarcoidosis and UIP during the observation

period, and subsequently succumbed to an acute exacerba-
tion 3 years later. Taken together, we propose that our find-
ings more likely indicate that the UIP and bilateral parietal
pleural plaques had been present concurrently with the sar-
coidosis at the time of diagnosis of the latter, rather than a
scenario where the sarcoid granulomas underwent progres-
sive pulmonary fibrosis.

Discussion

We have described a patient with evidence of both sar-
coidosis and UIP characterized by lower lung field-
predominant pulmonary fibrosis, who developed an acute
exacerbation 3 years after the initial diagnosis of sarcoido-
Sis.

The patient died from acute respiratory failure. It is possi-
ble that this was acute respiratory failure due to sarcoido-
sis (10-13), in which severe alveolitis with inflammatory or
organized exudates in some alveolar spaces and noncaseat-
ing epithelioid granulomas are observed (14). However, this
is unlikely in the present case for a number of reasons: (i)
the autopsy revealed no granulomas in the lungs and lymph
nodes, but rather showed diffuse alveolar damage superim-
posed on UIP; (ii) the level of serum ACE remained in the
normal range; and, (iii) in cases of acute respiratory failure
due to sarcoidosis, granulomas are usually observed in the
lung despite having been treated with corticosteroids (14).
As a result, we consider it more likely that this case was an
acute exacerbation that developed during the course of UIP
rather than acute respiratory failure due to sarcoidosis.

Radiographic and histologic findings suggest that the pa-
tient had both sarcoidosis and UIP. There are two possibili-
ties: that the sarcoidosis and UIP existed concurrently; or
that the fibrotic lesions developed as a fibrotic stage of sar-
coidosis. For instance, Nobata et al. have reported a case of
pulmonary sarcoidosis with UIP distributed predominantly
in the lower lung fields. They noted the possibility of a fi-
brotic stage of pulmonary sarcoidosis (3) because the fibro-
sis was distributed along the bronchovascular bundles, which
is a feature of the fibrotic stage of pulmonary sarcoido-
sis (15). In the present case, however, it is thought that the
acute exacerbation developed during the chronic course of
UIP as mentioned above. This theory is supported by the
fact that the autopsy revealed no concentric fibrosis or con-
centric lamellar calcifications (Schumann bodies), which are
characteristic of the fibrotic stage of sarcoidosis (16). More-
over, fibrotic lesions caused by sarcoidosis are predomi-
nantly distributed in the upper lung fields; 68% of sarcoido-
sis cases had fibrotic lesions predominantly in the upper
lung fields, with no more than 4.5% of cases in the lower
lung fields (2). As noted, in the present case, the UIP le-
sions were predominantly distributed in the lower lung
fields. Taken together, these findings lead us to suggest that
the present patient was concurrently suffering from both sar-
coidosis and UIP.

During the course of observation, the patient had been
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suspected of having chronic hypersensitivity pneumonia be-
cause of his history of using a down quilt on the bed. How-
ever, cessation of the use of down quilt neither improved the
patient’s condition nor stopped the disease progression. In
addition, numerous well-developed granulomas were ob-
served in the mediastinal lymph nodes (Fig. 2b). These find-
ings therefore did not support the likelihood of chronic hy-
persensitivity pneumonia.

The autopsy showed parietal pleural plaques bilaterally,
suggesting asbestos exposure. In general, asbestosis (a kind
of lung fibrosis) is associated with a high level of exposure
to asbestos (9). Unlike the present case, patients with asbes-
tosis generally have a significant asbestos fiber burden and
more extensive pleural plaques, which may be detected on
chest CT (9). We believe that this patient probably had UIP
and associated bilateral parietal pleural plaques as a result of
his long duration of low-dose exposure to asbestos fibers,
although progression of asbestosis is generally slow, the ten-

year survival rate being around 70% (17, 18). This raises the 10

possibility that the low-dose asbestos exposure might have
caused sarcoid-like reaction as reported in cases of high-

lung fields. Intern Med 45: 359-362, 2006.
4. Staples CA, Muller NL, Vedal S, Abboud R, Ostrow D, Miller
RR. Usual interstitial pneumonia: correlation of CT with clinical,
functional, and radiologic findings. Radiology 162: 377-381,
1987.
5. Akira M, Hamada H, Sakatani M, Kobayashi C, Nishioka M,
Yamamoto S. CT findings during phase of accelerated deteriora-
tion in patients with idiopathic pulmonary fibrosis. AJR Am J
Roentgenol 168: 79-83, 1997.
6. Collard HR, Moore BB, Flaherty KR, et al. Acute exacerbations
of idiopathic pulmonary fibrosis. Am J Respir Crit Care Med 176:
636-643, 2007.
7. Kondoh Y, Taniguchi H, Kawabata Y, Yokoi T, Suzuki K, Takagi
K. Acute exacerbation in idiopathic pulmonary fibrosis. Analysis
of clinical and pathologic findings in three cases. Chest 103:
1808-1812, 1993.
8. Tachibana K, Inoue Y, Nishiyama A, et al. Polymyxin-B hemoper-
fusion for acute exacerbation of idiopathic pulmonary fibrosis: se-
rum IL-7 as a prognostic marker. Sarcoidosis Vasc Diffuse Lung
Dis 28: 113-122, 2011.
9. Asbestos, asbestosis, and cancer: the Helsinki criteria for diagnosis
and attribution. Scand J Work Environ Health 23: 311-316, 1997.

. Gupta D, Agarwal R, Paul AS, Joshi K. Acute hypoxemic respira-
tory failure in sarcoidosis: case report and review of the literature.
Respir Care 56: 1849-1852, 2011.

dose asbestos exposure (19, 20). 11. Leiba A, Apter S, Leiba M, Thaler M, Grossman E. Acute respira-

In summary, we have presented here a case of combined
sarcoidosis and UIP with an acute exacerbation. This case is

tory failure in a patient with sarcoidosis and immunodeficiency:
an unusual presentation and a complicated course. Lung 182: 73-
77, 2004.

important in highlighting the possibility that sarcoidosis may 13, Pugazhenthi M. Sarcoidosis presenting as acute respiratory failure.

develop after long-standing pulmonary fibrosis. Additional

South Med J 98: 265, 2005.

cases of lower lung field-predominant sarcoidosis should be 13. Sabbagh F, Gibbs C, Efferen LS. Pulmonary sarcoidosis and the

studied in the future in order to further develop our under-
standing of this condition.
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Background: NEJOO2 study, comparing gefitinib with carboplatin (CBDCA) and paclitaxel (PTX; Taxol) as the first-line
treatment for advanced non-small cell lung cancer (NSCLC) harboring an epidermal growth factor receptor (EGFR)
mutation, previously reported superiority of gefitinib over CBDCA/PTX on progression-free survival (PFS). Subseguent
analysis was carried out mainly regarding overall survival (OS).

Materials and methods: For all 228 patients in NEJC02, survival data were updated in December, 2010. Detailed
information regarding subsequent chemotherapy after the protocol treatment was also assessed retrospectively and the
impact of some key drugs on OS was evaluated.

Results: The median survival time (MST) was 27.7 months for the gefitinib group, and was 26.6 months for the
CBDCA/PTX group (HR, 0.887; P =0.483). The OS of patients who received platinum throughout their treatment

(n = 186) was not statistically different from that of patients who never received platinum (n = 40). The MST of patients
treated with gefitinib, platinum, and pemetrexed (PEM) or docetaxel (DOC, Taxotere; n = 76) was around 3 years.
Conclusions: No significant difference in OS was observed between gefitinib and CBDCA/PTX in the NEJOO2 study,
probably due to a high crossover use of gefitinib in the CBDCA/PTX group. Considering the many benefits and the risk
of missing an opportunity to use the most effective agent for EGFR-mutated NSCLC, the first-line gefitinib is strongly
recommended.

Key words: EGFR mutation, gefitinib, individualized treatment, lung cancer

introduction (EGFR) strongly correlate with responsiveness to gefitinib, the
Two pivotal studies have revealed that somatic mutations in first EGFR tyrosine kinase inhibitor (EGFR-TKI) used to treat
the kinase domain of the epidermal growth factor receptor non-small cell lung cancer (NSCLC) (1, 2J; subsequently,

several phase II studies have demonstrated the promising
efficacy of individualized treatment for advanced NSCLC
patients with EGFR-TKI on the basis of EGFR gene mutation
status [3-10]. Subsequently, we have conducted a phase III
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study comparing gefitinib with the standard platinum doublet
regimen, carboplatin (CBDCA, Nippon Kayaku, Tokyo) and
paclitaxel (PTX, Bristol-Myers Squibb, Tokyo), as the first-line
treatment for advanced NSCLC harboring EGFR gene mutations
(NEJ002) [11]. The study revealed that gefitinib provided
significantly longer progression-free survival (PFS), the primary
endpoint of the study, than CBDCA/PTX. Other phase 111
studies also have demonstrated the superiority of EGFR-TKI over
the platinum doublet regimen [12, 13]; thus EGFR-TKIs are now
globally recognized as the standard first-line treatment for
advanced NSCLC with sensitive EGFR mutations [14].

Regarding overall survival (OS), one of the secondary
endpoints of NEJ002, the rate of events was <40% in the
previous report, for which the data cutoff point was December
2009. Although our study was not powered for OS, we
proceeded with this OS analysis to evaluate the long-term
survival result for each treatment group. We updated the data
for PFS, OS, and safety examined in a longer follow-up period
and also assessed the impact of subsequent chemotherapy on
OS in patients with EGFR-mutated NSCLC.

materials and methods

study design and treatment

Full details of the NEJ002 study have been published previously. Eligible
patients had chemo-naive advanced NSCLC with a sensitive EGFR
mutation detected by the highly sensitive peptide nucleic acid-locked
nucleic acid PCR clamp method [15]. Patients were randomly assigned
(1:1) to gefitinib (250 mg/day) or CBDCA (AUC 6.0)/paclitaxel (Taxol,
200 mg/m®) on day 1 every 3 weeks (up to six cycles). The primary
endpoint of NEJ002 was to evaluate the superiority of gefitinib over
CBDCA/PTX in PFS. The secondary endpoints included response rate, OS,
quality of life (QOL), and safety profiles (see Supplementary data, available
at Annals of Oncology online). Patients provided a written informed
consent. The study was conducted in accordance with the Helsinki
Declaration of the World Medical Association. The protocol was approved
by the institutional review board of each participating institution.

updated evaluation

PES, OS, and safety data evaluated by the Common Terminology Criteria
for Adverse Events version 3.0 were re-evaluated at the data cutoff point in

Table 1. Previous and updated results of survival

December 2010 for the entire intent-to-treat population (n = 228), which
was initially unplanned. Detailed information on subsequent chemotherapy
carried out after the protocol treatment was also assessed for all patients
retrospectively.

statistical analysis

The Kaplan-Meier survival curves were drawn for PFS and OS and
compared using a two-sided non-stratified log-rank test with a significance
level of 0.05. The hazard ratio (HR, gefitinib:CBDCA/PTX) and its two-
sided 95% confidence interval (CI) were calculated by Cox regression
analysis including only the treatment arm as a covariate. Subgroup analyses
for OS, which were shown in a forest plot, were carried out to examine the
interaction effect of treatment arm with age, gender, performance status,
smoking status, type of histology, and type of EGFR mutation using a Cox
regression model including treatment arm, each of the clinical factors, and
their interaction effects as covariates. We did not account for adjustment
for multiplicity due to the repetition of subgroup analyses, because we
carried out them as exploratory analyses. Other comparative analyses were
evaluated on the basis of a two-sided 5% significance level and 95% CI. All
analyses were carried out using SAS for Windows release 9.1 (SAS Institute
Inc., Cary, NC, USA).

Results

updated PFS

Among the 224 patients assessable, the updated median PFS of
the gefitinib group and that of the CBDCA/PTX group were
10.8 months and 5.4 months, respectively (HR, 0.322; 95% CI
0.236-0.438; P < 0.001), which was quite similar to the
previous results (Table 1). The number of events for PES at the
last data cutoff (December 2010) was 98 in the gefitinib group
and 101 in the CBDCA/PTX group. The rate of events for PES
slightly increased from the previous report (from 83% to 88%).

updated 08

At the last data cutoff point, the median follow-up time was
704 days (range 30-1659) and 69 death events were observed
in each arm. The rate of events for OS increased from 36% in
the previous report to 61% in the current study (Table 1). The
MST and the 2-year survival rate were 27.7 months and 58%,

PES
Median PFS, months 10.8
Hazard ratio (95% CI) 0.296 (0.215-0.408)
One-year PFS rate 42.1%
Number of events (%) 87 (76%)
Overall survival
Median survival time, months 30.5
Hazard ratio (95% CI) 0.798 (0.517-1.232)
1-year survival rate 84.7%
2-year survival rate 61.4%

Number of events (%) 39 (34%)

54 10.8 54
0.322 (0.236-0.438)

3.2% 43.8% 4.2%

100 (91%) 98 (86%) 101 (92%)

236 277 266
0.887 (0.634-1.241)

86.4% 85.0% 86.8%

46.7% 57.9% 53.7%

43 (38%) 69 (61%) 69 (61%)

CBDCA/PTX, carboplatin plus paclitaxel; CI, confidence interval; PFS, progression-free survival.
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respectively, for the gefitinib group, and 26.6 months and 54%
for the CBDCA/PTX group (HR, 0.887; 95% CI 0.634-1.241;
P=0.483) (Figure 1). No factor, including the type of EGFR
mutation, had a substantial impact on OS between the groups
(Figure 2).

safety

No additional serious adverse event (NCI-CTC grade >3) was
reported in either group after the previous report. Briefly, the
most common adverse events reported were rash and diarrhea
with gefitinib, and appetite loss, sensory neuropathy, and
myelotoxicities with CBDCA/PTX. The combined incidence of
serious adverse events combined was significantly higher in the
CBDCA/PTX group than in the gefitinib group (71.7% versus
41.2%; P < 0.001).

100 1
90 4
§0 4
70 4
GO 4
50 4
40 4
30 4
20 A

Getitinib
““““““ Chemotherapy

P=0.483

Overall Survival (%)

T T T T T T L
[¢] 6 12 I8 M 30 36 42 48 M 60
Months after Randomization
Number at risk
Gelitinib 14 97 37 22 7
Chemotherapy 4 99 48 is 3

Figure 1. Kaplan-Meier curves for updated overall survival (OS) in the
intent-to-treat population of NEJ002.
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Figure 2. Forest plot of updated overall survival (OS) by clinical factors
and the type of epidermal growth factor receptor (EGFR) mutation, Hazard
ratio (HR) <1 implies a lower risk of death for patients treated with first-
line gefitinb.
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post-protecol chemotherapy

The chemotherapy regimens employed in NEJ002 are
summarized in Table 2. Regarding the number of subsequent
regimens, >50% of patients had received third-line
chemotherapy or more, which was quite compatible with
general practice in Japan (Figure 3A).

In the gefitinib group, 82 patients (72%) received at least one
subsequent regimen. Among these, 74 patients (65%) were
treated with the platinum doublet regimen including a
crossover use of CBDCA/TXL in 59 patients (52%). Some
patients received pemetrexed (PEM) combined with a platinum
agent because it became available for the treatment of NSCLC
in Japan in May 2009. Twelve patients went back on gefitinib
and 32 received erlotinib in one of their later-line treatments.
Among the 32 patients who received no subsequent regimen,
12 (11%) had been still treated with their first-line gefitinib at
the data cutoff point (8 patients had still maintained their
response to gefitinib, while 4 had continued gefitinib after the
documentation of disease progression, in accordance with the
patient’s wishes). There were various reasons why the other 20
patients (18%) did not receive any subsequent regimens:
deterioration of PS due to the progression of NSCLC (1 =11),
interstitial lung disease due to gefitinib treatment (n = 3),
exacerbation of co-morbidities (n = 2), or in accordance with
the patient’s wishes (n = 4). On the other hand, 113 patients
(99%) in the CBDCA/PTX group had received at least one
subsequent regimen, of whom 112 (98%) had moved to
gefitinib.

The standard second-line chemotherapeutic agents PEM or
docetaxel (DOC, Sanofi-Aventis K.K., Tokyo), which are used
for advanced NSCLC, were used in 29% and 25% of patients in
the gefitinib group, respectively, and in 16% and 19% of those
in the CBDCA/PTX group, respectively. More than >20% of
patients in both the arms received other agents such as
irinotecan, S-1, gemcitabine, vinorelbine, or amrubicin as
third- or later-line chemotherapy.

evaluation of the impact of key drugs on 08

To examine the impact of the platinum agent on OS of
patients with EGFR-mutated NSCLC, we compared the OS of
patients who received both gefitinib and a platinum agent in
their treatment (n = 186) with that of patients who had never
received a platinum agent (1 = 40) in NEJ002. We found no
significant difference between the OS of each group
(Figure 3B). The number of patients who received a platinum
agent but had not received gefitinib was only two in NEJ002.
We then assessed the impact of standard second-line agents
(PEM and DOC) on OS. We divided patients who had
received third-line or more in NEJ002 (n = 131) into two
groups: the first group received EGFR-TKI, platinum agent,
and PEM or DOC (P/D group, n =76), and the second group
received EGFR-TKI, platinum agent, but neither PEM nor
DOC (no P/D group, n =55). The MST of the P/D group was
significantly longer than that of the no P/D group (34.8
months versus 22.6 months, P =0.003) (Figure 3C).
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Table 2. Summary of regimens for entire treatment in NEJ002

First-line gefitinib group (n=114)

EGFR-TKI §(7.0)
Gefitinib 2(1.8)
Erlotinib 6(5.3)

Chemotherapy 74 (64.9)
Platinum based 71 (62.3)

CBDCA/PTX" 56 (49.2)

Platinum/PEM" 11 (9.6)
PEM (monotherapy) 2(1.8)
DOC 0
Others® ) 1(0.9)

First-line CBDCA/PTX group (1= 114)

EGFR-TKI 109 (95.6)
Gefitinib 109 (95.6)
Erlotinib 0
BIBW2992 0

Chemotherapy 3(2.7)
Platinum based 2 (1.8)

CBDCA/PTX 1(0.9)

Platinum/PEM 0
PEM (monotherapy) 0
DOC 1(0.9)
Others® 0

34 (29.8) 114 (100)
10 (8.8) 114 (100)
26 (22.8) 32 (28.1)
52 (45.6) 76 (66.7)
11 (9.6) 74 (64.9)
3(2.6) 59 (51.8)
4(3.5) 15 (13.2)
16 (14.0) 18 (15.8)
28 (24.6) 28 (24.6)
26 (22.8) 27 (23.7)
42 (36.8) 112 (98.2)
8 (7.0) 112 (98.2)
33 (28.9) 33 (28.9)
2(L8) 2(1.8)
52 (45.6) 114 (100)
9 (7.9) 114 (100)
1(0.9) 114 (100)
4(35) 4(35)
14 (12.3) 14 (12.3)
21 (18.4) 22 (19.3)
26 (22.8) 26 (22.8)

CBDCA/PTX, carboplatin plus paclitaxel; PEM, pemetrexed; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor; DOC, docetaxel.

*“Includes two CBDCA/PTX plus bevacizumab.
*Includes one CBDCA/PEM plus bevacizumab.
“Includes irinotecan, S-1, gemcitabine, vinorelbine, and amrubicine.

discussion

Although the NEJ002 study met its primary endpoint, in that
gefitinib was superior to CBDCA/PTX in PFS, OS data were
also important in evaluating the efficacy of the entire treatment
including the regimens investigated. The current updated
analysis demonstrated that the treatment course initiated with
gefitinib achieved OS at least equivalent to a traditional
treatment course initiated with a platinum doublet regimen for
patients with advanced NSCLC harboring a sensitive EGFR
mutation. Since the median follow-up time increased from 17
months in the previous report to 23 months in the current
analysis, the OS results should become more accurate. We have
already reported that the QOL was significantly better in the
gefitinib group than in the CBDCA/PTX group in NEJ002
[16]. Moreover, gefitinib attained a high response rate, rapid
improvement of symptoms, and exhibited low toxicity. Taking
these factors together, we recommend the use of gefitinib as
the first-line treatment.

There is a conservative opinion which states that the
platinum doublet regimen should still be used as the first-line
treatment for advanced NSCLC. This is because there has been
no prospective study showing superiority of first-line EGFR-
TKI over platinum doublet regimens for OS. Furthermore,
some retrospective analyses have suggested that EGFR-TKI
might be similarly effective in EGFR-mutated NSCLC
regardless of the line at which it is used [17]. However, it is

Volume 24 | No. 1 | January 2013

very important to recognize from our study that, though
almost 100% of patients in the CBDCA/PTX group crossed
over to gefitinib, the OS curve of the first-line gefitinib group
was not inferior to that of the CBDCA/PTX group. While the
risk associated with missing the administration of platinum
agents after first-line gefitinib may be of concern, our post-hoc
analysis suggested that the impact of the platinum agent on OS
would not be larger than that of EGFR-TKI for patients with
EGFR-mutated NSCLC. Figure 3B shows the MST of patients
treated without platinum to be >2 years, which is a quite
favorable result compared with previous historical data
obtained when EGFR-TKI was not available. Thus, we feel that
it is a concern if the chance to use gefitinib is missed when
chemotherapy is carried out as the first-line treatment. The
extremely high crossover rate in NEJ0O02 is hard to attain in
genera] practice. In fact, only 51.5% of patients in the first-line
CBDCA/PTX group received subsequent EGFR-TKI in the
IPASS study [12]. Thus, we strongly recommend that the best
drug should be used in the first instance.

Patients in the first-line gefitinib group tend to be treated
with PEM or DOC monotherapy more intensively; this was
because we supposed that some of these did not receive
platinum doublet treatment for various reasons. However, we
consider that the ideal treatment strategy for appropriate
patients is to make use of available standard drugs. The most
important finding in the post-hoc analysis shown in Figure 3C
was that patients treated with EGFR-TKIs, platinum, and
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Figure 3. Evaluation of the impact of subsequent treatment on overall
survival (OS) in NEJ002. The number of regimens that patients received
after the first-line treatment with gefitinib (black bar) and that with
chemotherapy (white bar) (A). The OS of patients treated with whichever
line of gefitinib but not platinum (a dotted line) and those treated with
both gefitinib and platinum (a solid line) (B). The OS of patients treated
with gefitinib, platinum, with pemetrexed (PEM) and/or docetaxel (DOC; a
solid line), and those treated with gefitinib, platinum but neither
pemetrexed nor docetaxel (a dotted line) (C).

PEM/DOC achieved MST of around 3 years even though they
had systemically advanced disease; however, the analysis may
not conclusively show the difference between the two groups
because they were not randomly assigned. This suggests that
patients with EGFR-mutated NSCLC and with good PS
enough to complete many lines of treatment may further
benefit from a proper use of the above mentioned ‘key drugs’.
Although PEM and DOC were equally recognized as standard
second-line agents at the time of the NEJ002 study [18], we
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now consider PEM to be more appropriate for EGFR-mutated
NSCLC where adenocarcinoma is much common [14]. Since at
least 14 patients (12%) failed to move to subsequent
chemotherapy and ~20% of patients had never received
platinum agents or PEM after their disease progressed in the
gefitinib group, we think there may be a room for
improvement of OS in these populations. Thus, we are now
investigating a new treatment strategy, in which the first-line
gefitinib is combined with CBDCA and PEM, for patients with
EGFR-mutated NSCLC (UMIN000002789).

There are some limitations in the current analysis. First, the
sample size of NEJ002 had inadequate power for evaluation of
the difference in OS between the two groups. Since death
events in one-third of patients have not yet occurred, the true
OS curve may change slightly from that shown in this report.
A meta-analysis combining several phase III studies and
comparing EGFR-TKI with platinum doublet in an EGFR-
mutated NSCLC population would be warranted. Second, the
post-hoc analysis on subsequent chemotherapies may have
been biased, because post-protocol treatments were not
restricted under the NEJ002 protocol; however, they were very
similar to those used in general practice in Japan. In addition,
the unplanned comparative analysis between the subgroups
shown in Figure 3B and C cannot draw definitive conclusions.
It may be difficult to find whether the additive effect of
platinum agents or PEM/DOC or good PS itself, that enabled
patients to receive those agents irrespective of chemotherapy
effects, influenced survival prolongation in the superior group
more directly. However, we believe that they give us some
interesting suggestions for future investigations such as that
underway in our new study.

The reason there was no significant difference in OS between
the first-line gefitinib group and the first-line CBDCA/PTX
group in NEJ002 was very likely a high rate of crossover use of
gefitinib in the CBDCA/PTX group. Considering the many
benefits from EGFR-TKI use and the risk of missing an
opportunity to use the most effective agent for treatment of
EGFR-mutated NSCLC, the first-line gefitinib is strongly
recommended in general practice for this population.
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Pemetrexed-based chemotherapy in patients with
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Background: Anaplastic lymphoma kinase (ALK)-positive non-small-cell lung cancer (NSCLC) is highly responsive to
crizotinib. To determine whether ALK-positive NSCLC is also sensitive to pemetrexed, we retrospectively evaluated
progression-free survival (PFS) of ALK-positive versus ALK-negative patients who had been treated with pemetrexed-
based chemotherapy for advanced NSCLC.

Patients and methods: We identified 121 patients with advanced, ALK-positive NSCLC in the USA, Australia, and
ltaly. For comparison, we evaluated 266 patients with advanced, ALK-negative, epidermal growth factor receptor
(EGFR)-wild-type NSCLC, including 79 with KRAS mutations and 187 with wild-type KRAS (WT/WT/WT). We
determined PFS on different pemetrexed regimens.
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A Prospective PCR-Based Screening for the EML4-ALK
Oncogene in Non-Small Cell Lung Cancer

Manabu Soda', Kazutoshi Isobe?, Akira Inoue®, Makoto Maemondo’, Satoshi Oizumi®, Yuka Fujita®, Akihiko
Gemma®, Yoshihiro Yamashita®, Toshihide Ueno', Kengo Takeuchi®, Young Lim Chei'*®, Hitoshi Miyazawa'®,
Tomoaki Tanaka'®, Koichi Hagiwara'®, and Hiroyuki Mano'®"", for the North-East Japan Study Group and
the ALK Lung Cancer Study Group

Purpose: EML4-ALK s a lung cancer oncogene, and ALK inhibitors show marked therapeutic efficacy for
tumors harboring this fusion gene. [t remains unsettled, however, how the fusion gene should be detected in
specimens other than formalin-fixed, paraffin-embedded tissue. We here tested whether reverse transcrip-
tion PCR (RT-PCR)}-based detection of EML4-ALK is a sensitive and reliable approach.

Experimental Design: We developed a multiplex RT-PCR systemn to capture ALK fusion transcripts and
applied this technique to our prospective, nationwide cohort of non-small cell lung cancer (NSCLC) in
Japan.

Results: During February to December 2009, we collected 916 specimens from 853 patients, quality
filtering of which yielded 808 specimens of primary NSCLC from 754 individuals. Screening for EML4-ALK
and KIF5B-ALK with our RT-PCR systern identified EML4-ALK transcripts in 36 samples (4.46%) from 32
individuals {4.24%). The RT-PCR products were detected in specimens including bronchial washing fluid

metastatic lymph node (n = 1). The results of RT-PCR were concordant with those of sensitive immuno-
histochemistry with ALK antibodies.

Conclusions: Multiplex RI-PCR was confirmed to be a reliable technique for detection of ALK fusion
transcripts. We propose that diagnostic tools for EML4-ALK should be selected in a manner dependent on
the available specimen types. FISH and sensitive immunohistochemistry should be applied to formalin-
fixed, paraffin-embedded tissue, but multiplex RT-PCR is appropriate for other specimen types. Clin Cancer
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Introduction
An oncogenic fusion between the echinoderm microtu-
bule-associated protein-like 4 gene (EML4) and the ana-
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plastic lymphoma kinase gene (ALK) was discovered by
functional screening with a non-small cell lung cancer
(NSCLC) specimen (1). EML4 and ALK are located within
ashortdistance (~12 Mbp) of each other on the shortarm of
human chromosome 2, and a small inversion involving the
2 lodi is responsible for generation of the EML4-ALK fusion
in lung cancer. The EML4-ALK tyrosine kinase undergoes
constitutive dimerization through a coiled-coil domain
within EML4, resulting in kinase activation and conferring
potent transforming ability (2, 3). Transgenic mice expres-
sing EML4-ALK in lung alveolar cells develop multiple
adenocarcinoma nodules soon after birth, but treatment
with an ALK inhibitor resulis in the rapid clearance of such
nodules, confirming the addiction of EML4-ALK-positive
tumors to the kinase activity of the fusion protein (4). The
therapeutic efficacy of ALK inhibitors has been confirmed in
other transgenic mice expressing EML4-ALK (5).

Several ALK inhibitors have already entered clinical trials
or are under preclinical development (6-10). Marked ther-
apeutic efficacy of one such compound, crizotinib, has been
described in patients with NSCLCs positive for EML4-ALK,
with an overall response rate of 57% (7)), and crizotinib was
recently approved as a therapeutic drug by the U.S. Food
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and Drug Administration within a remarkably short period
after target discovery (3, 11).

The failure of crizotinib treatment in individuals without
oncogenic ALK fusions (12) and an adverse effect of treat-
ment with gefitinib on the prognosis of patents with
NSCLCs who do not harbor mutations of the EGF receptor
(EGFRY gene (13) both suggest that ALK inhibitors should
be administered only to patients positive for oncogenic ALK
proteins. FISH-based detection of ALK rearrangements has
proved to be of diagnostic use in the trials with crizotinib
(7). Furthermore, detection of ALK proteins by sensitive
immunohistochemistry (IHC) has been described (14, 15),
and one such immunohistochemical screening approach
resulted in the identification of another oncogenic ALK
fusion, KIF5B-ALK (14). However, a substantial proportion
of patients attending clinics are diagnosed with lung cancer
on the basis of pathologic analysis of bronchial lavage fluid,
pleural effusion, or sputum. Given that these specimens are
not always suitable for the preparation of formalin-fixed,
paraffin-embedded (FFPE) tissue required for FISH or THC,
individuals who are diagnosed solely by analysis of such
specimens cannot recetve EMILA-ALK tests. To allow the
sensitive detection of EML4-ALK and KIF5B-ALK in such
specimens, we have now developed a multiplex reverse
transcription (RT)-PCR system that captures the 2 ALK
fusions, and we have tested its reliability as a diagnostic
tool in our large-scale prospective cohort.

Mnterisls and Methods
Prospective collection of NSCLC specimens

During February to December of 2009, we collected a
total of 916 lung cancer specimens from 853 independent
patients through our multicenter, nationwide networks in
japan. All specimens but resected tumors were mixed with

RLT buffer (Qiagen) immediately after sampling, a step that
markedly inhibits RNA degradation forup to 3 days atroom
temperature (data not shown). Resected tumor samples
were snap-frozen and stored at ~80°C until extraction of
RNA and DNA. Portions of the samples were sent to Jichi
Medical University (Tochigi, japan) for multiplex RT-PCR
analysis of EMILA-ALK and KIF5B-ALK fusions and to Sai-
tama Medical University (Saitarna, Japan) for peptide
nucleic acid-locked nucleic acid (PNA-LNA) PCR camp
analysis of EGFR mutations (16). All specimens were con-
firmed by pathologic analysis to contain malignant cells.
More than half of the specimens were collected through the
North-East Japan Study Group network according to the
NEJO04 protocol. The study was approved by the Instim-
tional Review Board of each participating center, and writ-
ten informed consent was obtained from each study subject.
All statistical analysis was conducted with 2-sided tests, and
a P < 0.05 was considered statistically significant,

Clinicopathologic features of EML4-ALK-positive
NSCLC

The clinicopathologic features of patients with EML4-
ALK-positive or -negative tumors in our cohort are sum-
marized inTable 1 and Supplementary Table S1. Consistent
with previous observations, EMI4-ALK-positive patients
were significantly younger than those without EML4-ALK
(P < 0.001, Student’ ¢ test) and were enriched in never or
light smokers {P < 0.001, Fisher exact test). Our data also
indicated that EML4-ALK-positive tumors are more likely to
occur inwornen than in men (P<0.001, Fisherexacttest). In
the present cohort, EML4-ALK was detected only in lung
adenocarcinoma (P<0.001, Fisher exact test}, for which the
fusion-positive rate was 6.11%.

Atotal of 718 specimens were screened for EGFR muta-
tions, with such mutations being detected in 171 cases
(23.8%). Whereas most EML4-ALK-positive tumors did
not harbor EGFR mutations (P = 0.002, Fisher exact test),
we did detect one wmor doubly positive in this regard.
EML4-ALK and EGFR mutations are largely mutually exclu-
sive {17, 18}, but, importantly, such exclusiveness may not
be absolute {19). Given that the presence of EML4-ALK and
EGFR mutations in our doubly positive patient was exam-
ined with cellsisolated from bronchial washing fluid, which
was the only available specimen for molecular analysis in
this individual, we were not able to determine whether there
was a genuinely double-positive tumor in the lung or there
were multiple independent tumors each positive for EML4-
ALK or mutated EGFR.

We also attemnpted to examine the mutation status of
KRAS among our 32 cases positive for EML4-ALK. We were
able to sequence KRAS cDNAs for 26 of these patients, none
of whom showed KRAS alterations {data not shown), con-
firming the mutual exclusivity of EML4-ALK and KRAS
mutations (17, 20, 21).

Quality assessment of samples
Complementary DNA prepared from the specimens was
first subjected to RT-PCR analysis with primers (5'-
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